Background: As a symptom of pyomyositis, sepsis usually follows local inflammation signs. Here, we report pyomyositis with lymphedema of upper extremity in which septic shock and poor local findings initially presented during chemotherapy for breast cancer. Case Report: An 80-year-old woman presented with chronic right shoulder pain during chemotherapy for the recurrent disease. She had a history of postmastectomy lymphedema, diabetes mellitus, and repeated hyaluronic acid injections to the shoulder joint. The pain suddenly worsened with septic shock and no apparent local signs. Magnetic resonance imaging revealed myonecrosis, and no pus was yielded by ultrasound-guided needle aspiration. After 2 weeks of recovery by conservative medical management, surgical drainage was performed. Late formulated massive intramuscular pus showed severe neutrophil infiltration and myonecrosis. Conclusion: Pyomyositis can develop into septic shock with poor local signs. Myelosuppression after chemotherapy can cause myonecrosis without macroabscess, and magnetic reso- Case Rep Oncol 2016;9:726-732 
Introduction
Pyomyositis is an infectious disease causing intramuscular abscess of the large skeletal muscles, which was originally described to be common in tropical areas and referred to as pyomyositis tropicans [1] . Pyomyositis is recognized increasingly in temperate climates, associated with an immunocompromised host, particularly due to human immunocompromised virus infection and hematological malignancy [2, 3] . The most common organism implicated is Staphylococcus aureus [1] [2] [3] .
The clinical picture is divided into invasive, suppurative, and late stages; sepsis as symptom of the late stage follows abscess formation in the suppurative stage [2] . However, pyomyositis without macroabscess at the time of septic shock has rarely been reported. Here, we report the disease in a patient with lymphedema of upper extremity. Septic shock and poor local findings initially presented during breast cancer chemotherapy.
Case Presentation
The case was an 80-year-old Japanese woman presenting with right shoulder pain. She had undergone a right modified radical mastectomy for breast cancer 19 years prior, and local recurrence appeared 10 years prior. After excision of the recurrence, she received adjuvant hormonal therapy, but distant metastasis recurrences were found in her right lung and pleura. Furthermore, right supraclavicular lymph node metastases made postmastectomy lymphedema worse in the same side. She also had had diabetes mellitus for 9 years. She did not have chronic kidney disease. Five months prior to admission, she had fallen, hit her right shoulder, and had repeatedly been injected to the joint with hyaluronic acid as a treatment of frozen shoulder. She did not report any physical activity and did not work due to general weakness but had received biweekly nab-paclitaxel as a palliative chemotherapy for 3 months. The chemotherapy was so effective that her right pleural effusion decreased in size.
She was admitted to our hospital because the chronic right shoulder pain worsened suddenly. The pain was accompanied by catecholamine-resistant shock with bradycardia at 60/-mm Hg and 36 beats per minute. Electrocardiography showed atrioventricular junction rhythm, so we inserted a temporary pacemaker. On admission she had no fever. Her right upper arm was not hot or fluctuant without erythema. WBC and absolute neutrophil counts were normal (3,400 and 2,900/μL, respectively) but higher than her usual levels during the chemotherapy without infection. The absolute neutrophil count in her nadir period was around 500-1,000/μL. C-reactive protein increased significantly to 19.9 mg/dL (reference range: 0.0-0.5). Creatine kinase was slightly increased to 234 IU/L (reference range: 40-170). Hemoglobin concentration and hemoglobin A1c were 8.2 g/dL and 8.2%, respectively. Serum creatinine level increased to 1.6 mg/dL (reference range: 0.4-0.8). Computed tomography (CT) scans showed swelling, increased density, and small air bubbles in the muscles surrounding her right shoulder joint (Fig. 1 ). On day 2 of admission, she developed a high fever of up to 38°C, erythema, tenderness, and progressive edema in the arm (Fig. 2) . She was found to have methicillin-sensitive S. aureus bacteremia. Magnetic resonance imaging (MRI) revealed necrosis of several right shoulder joint muscles, showing abnormally high signal intensity in the muscles on T2-weighted and short tau inversion recovery sequence images, abnormal enhancement in some parts of the fascia, and no enhancement in the muscles (Fig. 3) . She received intravenous antimicrobial treatment with meropenem (500 mg every 12 h with dose adjustment for renal impairment) and clindamycin (600 mg every 8 h), and intensive insulin therapy. No pus was yielded by ultrasound-guided needle aspiration from the shoulder muscles or its joint, and the patient responded well to the antimicrobial therapy, so we were able to stop catecholamine. It was difficult to rule out necrotizing fasciitis, but we decided not to perform immediate debridement. Debridement for necrotizing fasciitis would have meant removal of large amounts of tissue from her arm, and the patient would have spent the rest of her limited time (by metastatic breast cancer with carcinomatous pleurisy) bedridden with a major wound. Thus, we continued conservative medical management considering her quality of life. Local inflammation signs persisted. Transthoracic echocardiography indicated no verruca or abscess around the heart valves. Whole-body CT scans showed no abscess, either.
Due to skin disintegration and pus outflow after 2 weeks, we performed surgical drainage. Massive pus and necrotic tissue erupted from the axilla and lateral side of the distal upper arm. Coracoid process was palpable through the axial cavity. Histological examination confirmed pyomyositis, showing severe necrosis of striated muscle and severe neutrophil infiltration. No apparent bacterial cells were identified. Pyomyositis was cured after definitive antimicrobial therapy for 3 weeks from the drainage. She was able to restart the chemotherapy for her breast cancer which was discontinued due to the infection.
Discussion
This patient course highlighted 2 important clinical issues. Pyomyositis associated with cancer chemotherapy can rapidly develop into septic shock without macroabscess, especially in breast cancer patients with lymphedema. MRI was useful in the diagnosis of this case with myonecrosis and no macroabscess.
First, pyomyositis can rapidly develop into septic shock without macroabscess during cancer chemotherapy, especially in breast cancer patients with lymphedema. Sepsis usually follows fever and abscess formation in the disease. The clinical picture is divided into 3 stages: the invasive, suppurative, and late stage [2] . The initial ''invasive stage'' is characterized by painful, firm swelling and low-grade fever. After 1-2 weeks, high spiky fever with abscess marks the beginning of the ''suppurative stage'' followed by the ''late stage'' defined by bacteremia [2] . However, the patient did not have macroabscess when she was in septic shock due to pyomyositis. No pus was yielded by ultrasound-guided needle aspiration at the time of the shock. Moreover, local redness and heat as inflammation signs seemed to be hidden by lymphedema. Myelosuppression after cancer chemotherapy most likely delayed the formation of intramuscular abscess. The onset of infection was just neutrophil nadir period after the latest chemotherapy. Cancer chemotherapy decreases not only the neutrophil count, but also its function [4] . As a similar example, only 8% of pneumonia patients produce purulent sputum in a neutropenic state under 0.1 × 10 9 /L [5] . In addition, in as much as 40% of cases with pneumonia caused by gram-negative bacilli no lung shadows are seen on chest radiography in the neutropenic state [6] . This is why the patient had presented with no macroabscess and poor local inflammation signs until the septic shock developed [5] . Breast cancer with lymphedema is most likely one of the initiating factors of pyomyositis. These factors include trauma such as blunt injuries, vigorous exercise, falls, and injections, which were noted in 43% of human immunocompromised virus-negative pyomyositis patients in the United States [3] . Diabetes mellitus, hematologic malignancies, and solid malignancies accounted for 19, 11, and 9%, respectively; pyomyositis associated with solid malignancy was not common [3] . Others were rheumatologic disorders, cirrhosis, renal insufficiency, benign hematologic diseases, skin disorders, organ transplants and administration of immunosuppressive agents including corticosteroids, and so on [3] . However, lymphedema has never been reported as an initiating factor of the disease. Additionally, to the best of our knowledge, pyomyositis associated with breast cancer was reported in only 3 cases [7] [8] [9] . Fluid congestion in intercellular space may cause infections like cellulitis in patients with lymphedema [1] . This time the condition resulted in abscesses in multiple muscles, which is unusual in this disease; pyomyositis usually affects only a single muscle. This is the first reported case of pyomyositis associated with lymphedema.
Second, MRI was useful in pyomyositis diagnosis with myonecrosis and no macr-abscess during cancer chemotherapy. It may be the best available imaging technique for the diagnosis of the disease [10] . At times, CT alone may be unreliable in distinguishing abscess or necrosis from swollen muscles [11] . MRI can provide detailed information regarding the location and regional extent of infection, and the presence or absence of abscess or necrosis [12] . Abscess is characterized by peripheral rim of increased signal intensity on T1-weighted images, and central region of instance signal on T2-weighted and short tau inversion recovery sequence images [10] . The rim surrounding the abscess is hypointense on T2-weighted images and enhances after intravenous administration of contrast, whereas necrotic tissue and purulent material show no enhancement [10, 12] . Abscess may be mistaken for myonecrosis, but it is generally differentiated on T2-weighted images by a presence of central high signal intensity and a mass effect [13] . In this case, macroabscess was not formed on admission; ultrasound-guided needle aspiration yielded no pus at the time.
Mechanical damage to the skeletal muscle including fall and repeated injection most likely initiated pyomyositis. The pathogenesis of pyomyositis is still unclear, but some initiating factor is necessary to develop the disease [14] . The skeletal muscle tissue is intrinsically resistant to bacterial infections under normal circumstances [14] . Mechanical damage to the skeletal muscle was suggested to be largely associated with development of the disease [15] . The etiologic agent was S. aureus, and other infection routes were not detected. We suspected trauma and repeated injections to the shoulder as the most likely causes of the infection. In addition, diabetes mellitus and advanced age contributed to the aggressive progression.
In conclusion, pyomyositis associated with cancer chemotherapy can rapidly develop into septic shock without macroabscess, especially in breast cancer patients with lymphedema, and MRI was useful in the diagnosis of this condition with myonecrosis. When unspecified local pain appears during cancer chemotherapy, after mechanical damage, or lymphedema, we should lower the testing threshold of imaging techniques including MRI to diagnose or rule out pyomyositis. Local findings may mimic cellulitis like in this case. If necrosis, even without macroabscess is detected, surgical drainage should be considered. Clinical awareness of this issue is important for rapid diagnosis and treatment, so that treatmentrelated death be avoided and full neuromuscular recovery be attained. 
